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A. Statement of the Problem

The overall scientific objective was the development of functional

surfactant micelles and vesicles as reaction specific catalysts. The two

principal areas of study were: (1) the synthesis of iodosocarboxylate

catalysts for the decontamination of toxic phosphates, and (2) the use of

vesicles as microreactors.
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C. Summary of the Most Important Results*

(1) loooarboxvlate Catalysts. The valence tautomer of

c.ij-iodosocyclopropane carboxylic acid, 4,5-methano-l-hydroxyiodoxol-3(IH)-one

(1), was synthesized from propionic acid in 6 steps. This reagent exists in

the illustrated cloged form, and cleaves the simulant, 2-nitro-

phenyldiphenyl phosphate (PNPDPP), with js - 0.0044 s-1 in pH 8 aqueous

micellar solution. 6

"Reference superscripts refer to the publications listed in Part B, above.
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~jO ir ~~ CH. M CH 3  CF. CF3  C

OM Y

1 2 3 4 5 6

Several analogues of 1-oxido-l,2-benziodoxol-3(lH)-one, 2 (the valence

tautomer of g-iodosobenzoate), were examined -Or their ability to cleave

PNPDPP in aqueous micellar cetyltrimethylammonium chloride (CTACl) at pH 8.2

These included the 5,5-dimethyl (3) and 5,5-bis(trifluoromethyl) (4)

analogues, as well as the parent l-oxidoiodoxol-(3H)-ones, 5 and 6. The

kinetic reactivity order was 2 > 5 > 6 > 4 >> 3. The results were analyzed in

terms of the relative acidities of the I-OH forms of the catalysts, and the

nucleophilicities of their I-0- conjugate bases. Ab initio molecular orbital

calculations aided the analysis.

Covesicles functionalized with iodosobenzoate were constructed from 33%

surfactant 7 and 66% dihexadecyldimethylammonium bromide. 5 Their kinetic

reactivity toward PNPDPP at pH 8 was 75 MW1s"1 , based on 7. The covesicles

were catalytic, turning over in the presence of excess PNPDPP.

01•31• • O ~ ~ SSi---- HzCHzCHzNCHzCHzO/ •[

7 8

We also prepared several immobilized iodosobenzoate catalysts on silica,

titania, nylon, and polymer supports. The silica functionalized

decontaminant, 8, was phosphorolytically active against both PNPDPP and the

nerve agent, soman (GD). 4 For example, the cleavage of 5 pmol of GD by 100 mg

(10 uequiv of 1-0-) of 8 had a half-time of 4.2 min at pH 8, vs. 67 min in the

absence of 8.'

The iodosobenzoate residue was also immobilized on titania (9) and nlxo -1

(10) supports.11 Both 9 and 10 were good catalysts for the cleavage of PNPDPP

under heterogeneous aqueous conditions at pH 8. The kinetics of cleavage were

characterized in the presence of excess substrate (turnover), and in the

presence of dilute CTACl, which enhanced both the PNPDPP cleavage and catalyst

turnover.
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-- 3 N Bk OBM 2CH2B OH

9 10

Finally, the tross-linked macroreticular, acrylic anion-exchange resin

IRA-35 was readily converted to the iodosobenzoate/hexadecylammonium-

functionalized polymer 11.15 In pH 8 buffer, 11, catalyzed the cleavage of

g-nitrophenyldiphenyl phosphate with k4 - 0.067 s-1, a rate constant

comparable to that obtained with iodosobenzoate in CTACI micellar solution.

Catalyst 11, turned over when saturated with substrate, with ktm - 0.025 s-1

at pH 8. A "family" of functional polymers related to 11 was described. 15

0

hNMeaCH2 O-

Wm2R, Be,
11

(2) Vesicles as Microreactors. The cleavage of Ellman's reagent, 12, by

various thiols was studied in micelles and vesicles at pH 8.1 Exovesicular

and endovesicular cleavage reactions could be kinetically differentiated.

O2M S--S_ -M" r 0 'NR
0 2 N Q s-s Q NO 01(CIH 3 ,)ýN~M"CH20cHO! (ACieH3?½M'*M*C)4ie -t

-02C C037 N

12 13 14

Imidazole-functionalized vesciles of 13 (R-H) were found to transfer

acetyl groups from R-nitrophenyl acetate (PNPA) to cholesterol within the

vesicles. 7  These reactions, which proceeded via acylimidazole intermediates

(13, R-Ac), model the action of the enzyme, lecithin:cholesterol

acyltransferase. It was also shown that the acyl transfer reactions were

selective: acetyl groups were stereoselectively transferred from PNPA to 3f

in preference to 3a-cholestanol, and regioselectively transferred to 36 in

preference to 6fl-cholestanol. 10

A major new initiative was the development of a chemical protocol to study

the dynmaics of lipid "flip-flop" (transvesicular migration) from
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endovesicular to exovesicular locations. 3 Thus, vesicles of 14, created at pH

4, gave rapid, partial p-nitrophenylate cleavage with glutathione at pH 8, due

to a surface-specific exovesicular reaction. Flip-flop of intact,

endovesicular 14 from endovesicular to exovesicular sites could be promoted

and visualized by subsequent experiments involving incubation of the vesicles

at 38-40*C for 1-12 min. 2-Nitrophenol-functionalized vesicular surfactants

15 (R-n-COH33 , n-C,8 H37, or U-C20 H,1 ), which are related to 14, proved to be

sensitive, reversible, and continuous reporters of local pH conditions at

their endovesicular and exovesicular surfaces. 12

OH OCOPh

R2 ~MCHA ~CM?- CH- CH2NMG2CH2G, Be
0 VMOR OR

Bf NO2  NO2

15 16

With a method in hand to study lipid "flip-flop" within vesicular or

liposomal membranes, 3 we began a broad survey of many new, functional lipids,

with the goal of relating each lipid's molecular structure to its flip-flop

dynamics within the derived vesicles or liposomes. The effects of surfactant

chain length were readily ascertained.1 3 .18 In general, longer chain l!pids

"gave liposomes with higher gei to liquid crystal transition temperatures (Tc),

and greater thermal stability toward flip-flop.

The survey was next extended to lipids of varying skeletons and backbones.

We found that liposomes constructed from pseudoglyceryl lipids (16, R -

13-C033 or 3-C, 5 H31CO) were more resistant to flip-flop than comparably

functionalized lipids of the dialkylammonium ion type (eg-.., 14)"4 On the

other hand, branched chain lipids, as in 17, the bU.-phytanyl relative of 16,

afforded poorly packed liposomes that featured a very low T,, and little

stability toward flip-flop.1'

CM43(CH02JKH(CH2COOC 2
C•M- CH- CH2NMe2CH2,G B( I
o I CH(CHj-HCH(CK-K)OCH
Ortiy OPhy X J I

CMI??Me2CH2G, Br'

17 (G as above) (Phy) 18 (G as above)

A similar loss of stability was observed with lipsomes constructed from

unsaturated ammonium ion lipids such as 18.17 Both the cis (oleoyl) and trans

(elaidoly) modifications of 18 afforded liposomes in which the half-times for
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,indo - exo lipid flip-flop were much shorter than in the romparable saturated,

straight chain, stearoyl lipid.

Coliposomes (1:14) of the bolaamphiphilic surfactant 19 and the non-

functioaal host lipid 16 (R-a-CISH33,G-H) were surface differentiated with

glutathione. 1 0 The differentiation kinetics indicated that -70% of the

functional groups of 19 had been in exovesicular locations, whereas -30%

occupied endovesicluar sites. Endovesicular/exovesicular flip-flop

reequilibration of the differentiated liposomes occurred with t,,/ - 5 minat

40C, similar to the behavior of conventional (16) bilayer liposomes. The

results suggested that at least 40% of the 19 lipid molecules adopted U-plan

conformations in the coliposot.s; uniformly extended, bilayer-bridging

conformations for the 19 bolaamphiphiles were excluded.

CM2N(CMS)cml GCH,(CH,)NCH,
2W

19

n'C16M31C00C482  COH97CHW~XC- 42 JCOOI
I I

D-IS3Clu4cOOCH 0 CM3M+W7 :jCH-"i 0

CHOOCI4 2CH2l4WM*CH2G C2P :OzO 2 IN MS2CH2IG

0.

20 21

(0 as above)

Dipalmitoylphosphatidylcholine 20 (DPPC) and dioleoylphosphatidylcholine

21, (DOPC) lipids wee synthesized, in which the head groups were covalently

functionalized with 2-nitrophenyl benzoate (G) moieties.20 Liposomes composed

of 1 part functional lipid and 7 parts nonfunctional DPPC or DOPC were created

at pH 6, and subjected to an exovesicular/endovesicular 12/6 pH gradient.

Under these conditions, the exovesicular G groups saponified more rapidly (k -

4.5 x 10-2 s-1) than the endovesicular G groups [k - 7 x 10-6 s"I (DPPC) or 7 x

10" s-I (DOPC)J, leading to surface differentiazed liposomes with exovesicular

2-nitrophenylate labels and intact, endovesicular G groups. The half-times

for flip-flop reequilibration of the intact lipids between the endovesicular

and exovesicular leaflets of the liposomal bilayers were (DPPC) -6 min at 65°C

and (DOPC) -20 min at 65*C. Comparisons of DPPC and DOPC flip-flop dynamics

to those of analogous, cationic, ammonium ion lipids (such as 18 or 16)

highlighted the relative dynamic stability of the zwitterionic phospholipids
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in liposomal bilayers. 20

In summary, long, 13 identical, 18 unbranched,la staturated1 7 alkyl chains on

a pseudoglyceryl backbone14 lead to relatively stable endo/exo surface

differentiated3 liposomes. The presence of zwitterionic phosphocholine head

groups further enhances stability, relative to the analogous cationic

lipids.
2 0

Finally, we reviewed the binding and transport of fluorescent probes in

bilayer liposomes, 2 as well as early experiments in the surface specific

cleavage of chromogenic phospholipid vesicles.8
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